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generate GHG, which accounts for 60 percent of the global warming effect [1]. Carbon dioxide emission 
can be reduced by embracing three strategies associated with coal-fired power plants:  exploiting the fuel 
more efficiently, replacing coal with natural gas, and capturing and sequestrating CO2 emissions [2]. 
Adsorption of CO2 using solid adsorbents has been researched and developed for post-combustion CO2 
capture because of a number of favorable characteristics including: high dynamic adsorption capacity, 
high selectivity toward CO2, moderate heat of adsorption,  fast adsorption kinetics, swift desorption, 
moisture tolerance, and high stability and prolonged lifetime. Several mesoporous materials present  good 
characteristics such as high surface area, large pore volume and pore size in nanometer scale with narrow 
size distribution, and can be modified with various types of amines to obtain new amine-functionalized 
adsorbents [3]. The immobilized amine adsorbents that can be potential candidate adsorbent materials for 
CO2 capture include: MCM silica, SBA silica, KIT silica, activated carbon (ACs) from biomass or 
organic material, zeolite, molecular seive 4A, metal-organic frameworks (MOFs), hydrotalcite-like 
compounds, limestone, lithium zirconate, lithium silicate, and other metal oxide materials [2-8]. The 
strong interaction between an amine and CO2 can assure high selectivity towards CO2 and the moisture 
content can positively affect amine solid adsorbents. Chitin, a natural, abundant polysaccharide 
biopolymer found in arthropods, mollusks, fungi, the exoskeletons of shellfish and insects can be 
converted to chitosan by deacetylation of chitin for removal of most  N-linked acetyl groups [9,10]. 
Shishatskiy and co-workers [11] prepared a membrane with hydroxyl, quaternary ammoniun and amine 
groups, which have reactive sites for facilitated transport of CO2 in the presence of water. The hydroxy 
groups react with CO2 forming bicarbonate ions that can contribute to solubility by hydrogen bonding. In 
the dry gas measurement, CO2 is irreversibly sorbed on the active quaternary ammonium center at lower 
than 60 ºC and can be released only by heating above this temperature. The high affinity to CO2 of these 
compounds leads to the CO2/N2 solubility selectivity of up to 1500. As a result of the biopolymer and 
quaternary ammonium moiety, the modified quaternized biopolymer (trimethyl biopolymer, TMBP) 
became an attractive solid sorbent for the CO2 capture.  
Various types of quaternary amines can be modified with biopolymers.  The literature review The 
quaternary amines (biopolymer) also show an affinity to CO2. In this research, the biopolymer natural 
polyamine was modified to contain the quaternary amine group for CO2 adsorption. Adsorption potential 
and dynamic adsorption-desorption performance were investigated.  
 
 
Nomenclature 
c concentration of AgNO3 solution 
Cin concentration of CO2 entering the reactor, vol% 
Cout concentration of CO2 downstream the reactor, vol% 
DD degree of deacetylation 
DQ degree of quaternization (%) 
f molarity of the NaOH solution  
F total flow rate, mol/min 
m mole of amine in adsorbent, mol 
M1 molecular weight of N-acetylglucosamine (203.21 g/mol) 
M2 molecular weight of N-deacetyl-glucosamine unit (161.17 g/mol) 
M3 molecular weight of the monomeric unit (204 g/mol) of modified quaternized biopolymer 
Qads dynamic adsorption capacity, molCO2/mol amine 
tst stoichiometric time corresponding to CO2 stoichiometric adsorption capacity, min 
t time at which the Cout reaches its maximum permissible level, min 
V endpoint volume 
W weight of purified BP 
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W1 weight of the sample 
X,Y consumed NaOH volume of the first and the second equivalent points 
2. Experimental 
2.1Purification of Biopolymer (BP) 
Biopolymer (100 g) and 0.5 g of NaBH4 were immersed in 2 L of 50% w/w NaOH solution and kept 
for 1 h at 393 K in an auto-clave. The product was filtered and washed with water until pH neutral. The 
purified BP was dried overnight in a vacuum-oven set at 353 K before being stored in a desiccator. 
Degree of deacetylation was determined by titration and Fourier transform infrared spectroscopy (FTIR).  
Titration. Purified BP (0.05 g) was dissolved with 20 mL of 0.10 N HCl. The pH-metrically titration 
was carried out by continuously adding 1 mL of a standardized solution of 0.10 N NaOH into the mixture. 
The pH of the solution was simultaneously measured until constant. A titration graph was plotted between 
the pH of the solution and NaOH volume. There are two equivalent points which are related to the excess 
of hydrochloric acid (HCl) and the protonated amino groups. Degree of deacetylation (DD) was 
calculated as(Eq.1): 
 16.1(Y - X)f
DD =
W
                                                                                                                                                      (1)                        
Fourier Transform Infrared Spectroscopy (FT-IR). Purified BP (0.2 g) was dissolved in 20 mL of 1% 
acetic acid solution and cast in a mold using 0.75 mL of solution. The mold with sample was dried 
overnight in an oven set at 353 K to obtain a thin film. The film was then soaked in 0.5M NaOH for 10 
min and washed with deionized water until the pH of the water reached 7. Finally, the film was dried at 
353 K for 6 h and analyzed by FTIR (Nicolet/Nexus 670) in transmission mode [12]. 
 
2.2 Preparation of Modified Quarternized Biopolymer (TMBP-OH) 
 
Trimethylbiopolymer in hydroxide form (TMBP-OH) was prepared by three-step synthesis according 
to the Kim method [13]. N-methyl biopolymer (NMBP) intermediate was initially synthesized by mixing 
7 g of BP with 500 mL of 1% w/v aqueous acetic acid; 16 mL formaldehyde was slowly added. The 
mixture was stirred continuously for 1 h by a magnetic stirrer at room temperature after which the pH was 
adjusted to 4.5 using 1 M NaOH. Next 10% NaBH4 in water was added to the mixture and stirred for 1.5 
h. N-methyl biopolymer was obtained by precipitating and adjusting the pH of the mixture to pH 10 with 
1 M of NaOH. The precipitate was filtrated, washed with distilled water and then purified in a soxhlet-
extractor for 2 days using a mixture of ethanol and diethyl ether (1:1 v/v). N-methyl biopolymer was 
finally dried in a vacuum oven at 313 K for 48 h.  
N-methyl biopolymer was converted to trimethylbiopolymer in iodide (TMBPI) form by dispersing 5 
g NMBP in 250 mL of N-methylpyrrolidone (NMP) at room temperature. After stirring for 12 h, the 
mixture was added with 44 mL of 1 M NaOH followed by methyl iodide. The reaction, controlled at 323 
K, was further carried out in a presence of 0.5 g of NaI with a stirring time of 12h. TMBPI was obtained 
by precipitation in acetone and filtration. TMBPI was converted to TMBP-OH by ion exchanging with 1 
M KOH at room temperature for 48 h and dialyzed with running water until the dialyzed water reached 
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pH 7 [14]. The dialyzed solution was freeze-dried for 2 days, ground and finally sieved to obtain a mesh 
size of 40 to 60 mesh (250 to 425 micron).  
Characterization of TMBP-OH. The FTIR technique was used to confirm the structure of TMBP-OH 
by measuring the absorption peak of C-H bending at 1470 cm-1 of trimethyl amino group in TMBP-OH. 
Determination of Degree of Quaternization (DQ) by Titration with AgNO3.  TMBPI (0.01 g) was 
dissolved with 20 mL of deionized water. The solution was adjusted to pH 6 by adding NaOH and acetic 
acid.  K2Cr2O4 (0.5 mL) was added to the mixture as a titration indicator. 
Degree of quaternization (%DQ) of TMBPI was calculated by Eq. 2 and Eq. 3. 
 
1
DQ(%) = [(Vc/1000)+W (1-DD)/M +(W DD-W1 1 2)M2
Vc/100                                                       (2) 
         
VcM3W =2 1000                                                                                                                                                                     (3)           
2.3 CO2 Adsorption-Desorption  
The diagram for the CO2 adsorption-desorption test setup is shown in Fig.1. For a typical run, 0.5 g of 
40 to 60 mesh adsorbent was carefully packed in the reactor with a controlled bed height. The adsorbent 
was initially pretreated by purging pure N2, regulated at 5 mL/min, which was bubbled through deionized 
water in a water saturator at a controlled temperature of 298 K. Next the reactor containing adsorbent was 
preheated at 378 K for 15 min and then the feed gas was bypassed by switching from humidified N2 to 
dry N2 to cool down the adsorbent to the desired test temperature. In the dry condition, premixed gas 
containing 4% CO2 with a N2 balance at the flow rate of 5 mL/min, was used to feed the reactor. The run 
was started when 5 mL/min of the desired feed gas was passed into the reactor controlled at a desired 
temperature. The CO2 concentration from the outlet of the reactor was analyzed at time intervals by the 
gas chromatograph (GC) technique.  
 
 
 
 
 
 
Fig. 1 CO2 Experiment set-up for dynamic CO2 adsorption measurements in a continuous operation mode. 
 
The dynamic adsorption capacity of the adsorbent (Qads) was calculated by Eq. 4 and Eq. 5. 
 
0FC tQ =
W
q
ads                                                                                                                           (4)                    
    
0 0
C
t = (1- )dt
C
A
q                                                                                                      (5) 
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Desorption Test. CO2 adsorption was started following similar procedures under optimum conditions. 
After the concentration of CO2 in downstream was constant, thermal regeneration of the sample was 
subsequently carried out. The reactor was detached from the line then its inlet and outlet was immediately 
sealed. Pure N2 regulated at 80 mL/min was purged throughout the system until there is no CO2 
remaining in the system. The reactor was reinstalled into the line and heated up by heating tape to desire 
desorption temperatures. The temperature of heating tape could be controlled within ± 0.5 K. Also pure 
N2 regulated at 5 mL/min was passed into the reactor as the carrier until the CO2 signal from GC 
corresponding to zero.  
 
3. Results and discussion 
3.1 Synthesis of Trimethyl Quaternized Biopolymer (TMBP-OH)    
 Purification of Biopolymer.  The degree of deacetylation of BP was determined by by pH-metric back 
titration of its excess. The content of monomer in biopolymer molecules was evaluated by displacement 
of the amino groups of BP with aqueous NaOH solution. It was 96% with 2% of standard deviation by 
pH-metric tritation and 97 % by FT-IR spectroscopic method using the absorbance ratio of the amide 
band I at 1655 cm-1 to the CH stretching band at 2867 cm-1 [15].  
Synthesis and Characterization of Trimethyl Quaternized Biopolymer (TMBP-OH). Trimethyl 
quaternized biopolymer (TMBP) was obtained with two step processes. The reaction of biopolymer with 
aliphatic aldehydes to introduce a methyl group in amine group of purified BP was performed in acidic 
homogeneous condition. The Schiff’s base intermediate was firstly formed and then reduced by sodium 
borohydride to afford N-methyl biopolymer (NMBP) with average yield from the whole synthesized 
batches equal to 102.47 ± 3%.  
Methylation of NMBP with methyl groups of an iodomethane in the presence of sodium iodide and 
sodium hydroxide in a NMP medium obtained slightly yellow powder of TMBP in iodide form (TMBPI). 
TMBPI was exchanged ion with hydroxide ion (OH-) to obtain TMBP-OH with 57% average yield and 
100% OH conversion as the solid sorbent. FTIR spectra of BP and TMBPI showed evidence for the 
occurrence of methylation. The evidences are: (i) the peak at 1471 cm-1 recognized to the asymmetric 
angular deformation of C-H bonds of methyl groups but absent in the spectrum of BP and (ii) the band 
peak at 1568 cm-1 for BP and 1547 cm-1 for TMBP due to the angular deformation of N-H bond of amino 
groups. In consequence of N-methylation in TMBP, the deformation of N-H bond of amino groups in 
TMBP is weaker than BP. A new peak in TMBP spectrum appears at 1631 cm-1 which attributed to the 
quaternary ammonium salt [16, 17]. The characteristic peaks of primary alcohol and secondary alcohol 
between 1153 and 1032 cm 1 did not change in TMBP comparing to the BP spectra that confirmed the 
quaternization at the desirable amino sites without the methylation at the other carbon in biopolymer 
chains [17]. The average degree of quaternization (% DQ) was 74.91 ± 2.01%.  
 
3.2 CO2 Adsorption-Desorption 
 
Effect of Adsorption Temperature. The adsorbent was pre-treatement with 5 mL/min of humid N2 
gas at 378 K at 15 min. Fig. 2 shows the breakthrough curve of TMBP-OH and Fig. 3 shows the 
adsorption capacity of TMBP-OH in dry adsorption with 15 min of pretreatment time at various 
adsorption temperatures. The saturation time and adsorption capacity were notice to decrease with raising 
in the adsorption temperature which indicate exothermic reaction. Furthermore, increasing temperature 
corresponds to an increase in dissociation rate constant of reversible bond between CO2 gas molecule and 
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reactive site in the polymer [18]. The optimum adsorption temperature of TMBP-OH adsorbent was room 
temperature (298 K) in which the highest adsorption capacity of 0.295 mmol CO2/g adsorbent was 
obtained. From the previous result, the optimum condition for maximizing adsorption capacity was 15 
min of pretreatment time and room temperature for dry CO2 adsorption. The maximum adsorption 
capacity was 0.302 mmol CO2/ g adsorbent with 0.55% deviation. Theoretically, the stoichiometrical 
reaction between CO2 and reactive site is 0.5 mol CO2/mol amine, but the average stiochiometry obtained 
from the experiments was 0.08 mol CO2/mol amine which implied that on 15% of reactive site of the 
adsorbent could react with CO2. Biopolymer has a strong inter- and intramolecular hydrogen bonding that 
occur at the reactive sites between the polymer chains [19], which could influence and decrease the 
adsorption capacity of TMBP-OH.  
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Fig.2 Breakthrough curves of TMBP-OH in dry adsorption under atmospheric pressure with 15 min of pretreatment time at various 
adsorption temperatures. 
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Fig. 3 Adsorption capacity of TMBP-OH in dry adsorption under atmospheric pressure with 15 min of pretreatment time at various 
adsorption temperatures. 
 
Effect of Desorption Temperature. The adsorption experiment was carried out using 0.5 g of TMBP-
OH adsorbents with the initial CO2 concentration of feed stream equal to 4% at flow rate of 5 mL/min at 
298 K and atmospheric pressure. The adsorbent was pre-treatement with 5 mL/min of humidified N2 gas 
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at 378 K at 15 min. The desorption temperatures were studied at 333, 353, and 373 K. Fig. 4 and Fig. 5 
show the breakthrough curve and desorption capacity of TMBP-OH, respectively. At the initial stage, the 
adsorbed CO2 in the adsorbent was rapidly desorbed during the first 40 minutes and thereafter the 
desorption was significantly slower. A complete desorption occurred in respective of 40, 150, and 150 
min for 333, 353, and 373 K. The desorption capacities which are related to the amount of CO2 desorbed 
from the adsorbents and desorption efficiency, the ratio between moles of CO2 adsorbed and moles of 
CO2 desorbed, were increased with increasing desorption temperature. The bonds between CO2 molecule 
and reactive site of adsorbent were broken by increasing temperature [11]. An increasing desorption 
temperature significantly improved the extent of regeneration achievable because of increasing desorption 
rates and the more favorable thermodynamics of desorption at the higher temperature [18]. The optimum 
desorption temperature of TMBP-OH adsorbent was 373 K in which 0.172 mmol CO2/g adsorbent with 
56 % desorption efficiency was obtained.  
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Fig. 4 Breakthrough curves of TMBP-OH for desorption under atmospheric pressure and various desorption temperatures. 
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Fig. 5 Desorption capacity of TMBP-OH for desorption under atmospheric pressure at various desorption temperatures. 
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4. Conclusion 
     Trimethyl quaternized biopolymer adsorbent with 74.91 ± 2.0% degree of quaternization which was 
confirmed by titration method performed more effectively in CO2 removal than biopolymer adsorbent. 
The adsorption capacity of TMBP-OH adsorbent increased with decreasing adsorption temperature due to 
the exothermic reaction. High temperature was more effective in desorption of CO2 comparing with low 
temperature. 
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